In western Canada, ethanol is produced mainly from wheat. As the demand for wheat increases, so do grain prices, which in turn creates incentives for feeding reduced-cost distillers coproducts to livestock. Substitution of wheat dried distillers grains plus solubles (DDGS) for barley grain may also create opportunities for enhancing beef fatty acid profiles because reducing starch concomitantly increases dietary fiber and oil and may shift PUFA biohydrogenation toward a healthier trans and CLA profile. To study this potential, heifers were fed diets containing either 0, 20, 40, or 60% wheat DDGS (DM basis) substituted for rolled barley (n = 24; 133-d finishing period). Adding DDGS increased dietary oil (from 1.9 to 3.7%), but dietary fatty acid compositions remained consistent. Feeding increasing amounts of DDGS linearly decreased total diaphragm fatty acids on a milligrams per gram basis (P = 0.031).
INTRODUCTION
In Canada and the United States, feed grains are being increasingly used for ethanol production, which has increased their price, making feeding dried distillers grains plus solubles (DDGS) economically attractive. Cattle in western Canada are typically finished on diets containing increased amounts of barley, and substitution of barley for wheat DDGS has the potential to enhance beef fatty acid profiles. Ethanol production removes starch from grain and increases CP, fat, and fiber contents (Rasco et al., 1987) . Rumen bacteria isomerize and hydrogenate PUFA, and metabolic intermediates can accumulate, among which rumenic acid (9c11t-18:2, where c = cis and t = trans) and its precursor vaccenic acid (11t-18:1) have known health benefits, as demonstrated in several animal models (Collomb et al., 2006) . In contrast, 10t-18:1 has been shown to have a negative impact on plasma cholesterol concentrations in animal models (Bauchart et al., 2007) . The profile of trans-18:1 isomers in beef can be influenced by diet, but generally diets with increased amounts of ground grain produce greater concentrations of 10t-18:1 (Dugan et al., 2007; Aldai et al. 2008a) . Feeding DDGS in place of ground barley would reduce dietary starch and increase crude fiber content, which may elevate rumen pH and favor 11t-18:1 instead of 10t-18:1 production (Bauman and Griinari, 2003) . The objective of the present study was therefore to determine if substituting wheat DDGS for ground barley could be used to enhance beef fatty acid profiles.
MATERIALS AND METHODS
Animals were cared for according to guidelines established by the Canadian Council on Animal Care (1993).
Animals and Diets
Animals used in the present study were part of a performance trial examining growth and feed efficiency when feeding heifers increasing amounts of wheat DDGS (Gibb et al., 2008) . Twenty-four large-framed British cross heifers were fed per diet during a 133-d finishing period, and diets contained 0, 20, 40, or 60% wheat DDGS substituted for rolled barley (DM basis). The balance of the diets included 10% barley silage and a 5% vitamin and mineral supplement. Details of diet composition and animal performance were reported previously (Gibb et al., 2008) . Animals were penned individually and slaughtered commercially within 2 d; at slaughter, samples of brisket fat and diaphragm were collected, frozen on dry ice and transported to the laboratory, and held at −80°C until analyzed.
Feed and Tissue Fatty Acid Analysis
Fatty acid methyl esters (FAME) from the finishing diet were prepared according to Sukhija and Palmquist (1988) and were analyzed using the chromatographic conditions reported by Dugan et al. (2007) . Brisket fat samples (50 mg) were freeze-dried and directly methylated using sodium methoxide, and lipids were extracted from 1 g of diaphram using a mixture of chloroform:methanol [2:1, (vol/vol); Kramer et al., 1998 ]. Lipid aliquots (10 mg) from each diaphragm sample were methylated separately using acidic (methanolic HCl) and basic (sodium methoxide) reagents (Kramer et al., 2008) . Fatty acid methyl esters were analyzed using the gas chromatography (GC) and Ag + -HPLC equipment and methods outlined by , except that trans-18:1 isomers were analyzed using 2 complementary GC temperature programs (Dugan et al., 2007; Kramer et al., 2008) .
For the identification of FAME by GC, the reference standard 463 from Nu-Chek Prep Inc. (Elysian, MN) was used. Branched-chain FAME were identified using the GLC reference standard BC-Mix1 purchased from Applied Science (State College, PA). The CLA isomer mixture UC-59M, which was obtained from contained the 9c, 11t/8t, 10c/11c, 13t/10t, 12 c/8c, 10c/9c, 11c/10c, 12c/11c, 13c/11t, 13t/10t, 12t/9t, 11 t/8t, 10t isomers. The trans-18:1 and CLA isomers not included in the standard mixtures were identified by their retention times and elution orders, as reported previously Kramer et al., 2008) .
Statistical Analysis
The individual animal was the experimental unit, with diet as the class variable. The MIXED procedure (SAS Inst. Inc., Cary, NC) was used to compare fatty acids using residual error as the error term. Orthogonal contrasts were conducted to check for linear and quadratic effects on fatty acid profiles of feeding increasing amounts of dietary wheat DDGS.
RESULTS AND DISCUSSION

Dietary Fatty Acids
As reported previously, substitution of wheat DDGS for rolled barley increased the amount of crude fat in the diet from 1.9 to 3.7% (Table 1; Gibb et al., 2008) . The fatty acid composition of the control diet was consistent with previous reports for barley-based finisher diets (Dugan et al., 2007; Aldai et al., 2008a) . On the whole, fatty acid compositions of diets when adding wheat DDGS were similar and resulted in only minor increases in 18:2n-6 and reductions in 16:0 and 9c-18:1, whereas 18:3n-3 remained unchanged when expressed on a percentage of total fatty acid basis (Table 1) .
Brisket Fat Composition
Quantity of total SFA, branched-chain fatty acids (BCFA), and MUFA in brisket fat were unaffected (P > 0.05) by addition of wheat DDGS to the diet, and within MUFA, there were no changes (P > 0.05) in total trans-MUFA (Table 2) . Increases in total trans have been found in strip loin steak (Gill et al., 2008) and duodenal digesta (Vander Pol et al., 2009 ) when feeding DDGS derived from other grain sources, and these may have related to their greater oil content. Although no differences in total trans-MUFA were detected in the present study, differences were found for individual trans isomers. The composition of trans-18:1 isomers in brisket fat when feeding the control diet was similar to those reported for brisket fat when feeding other barley-based finisher diets (Aldai et al., 2008a; Mir et al. 2008) . Feeding increasing amounts of DDGS led to a linear reduction in 10t-18:1 (P = 0.033) and linear increases (P < 0.05) in several other trans-18:1 isomers, among which 11t-18:1 was predominant. The quantity and composition of CLA isomers in brisket fat when feeding the control diet were similar to those reported for brisket fat when feeding a barley-based finisher diet (Aldai et al., 2008a; Mir et al. 2008) . Feeding increasing amounts of wheat DDGS led to a trend for a linear increase in total CLA (P = 0.086), and this was mainly due to a linear increase in 9c,11t-18:2 (P = 0.044). The greater quantity of 9c,11t-18:1 was likely the result of greater tissue content of 11t-18:1 because most 9c,11t-18:1 is known to be derived from endogenous desaturation of 11t-18:1 by ∆ 9 -desaturase (Griinari et al., 2000) . The inclusion of wheat DDGS in the diet also led to a trend for a linear reduction in 9t,11c-18:2, which has a negative image for human health and is related to concentrate feeding . Σ trans MUFA = 6t/7t/8t-18:1 + 9t-18:1 + 10t-18:1 + 11t-18:1 + 12t-18:1 + 13t/14t-18:1 + 15t-18:1 + 16t-18:1; Σ CLA = 8t,10c-18:2 + 9c,11t-18:2 + 7t,9c-18:2 + 9t,11c-18:2 + 10t,12c-18:2 + 11c,13t-18:2 + 11t,13c-18:2 + 9c,11c-18:2 + 10c,12c-18:2 + 9t,11t-18:2 + 11t,13t-18:2 + 12t,14t-18:2 + 10t,12t-18:2 + 8t,10t-18:2 + 7t,9t-18:2; Σ n-3 PUFA = 18:3n-3 + 20:5n-3 + 22:5n-3 + 22:6n-3; Σ n-6 PUFA = 18:2n-6 + 18:3n-6 + 20:2n-6 + 20:3n-6 + 20:4n-6 + 22:4n-6; Σ PUFA = 18:2n-6 + 18:3n-6 + 18:3n-3 + 20:2n-6 + 20:3n-9 + 20:3n-6 + 20:4n-6 + 20:5n-3 + 22:4n-6 + 22:5n-3 + 22:6n-3; c = cis; t = trans.
Feeding wheat DDGS also led to linear increases in 18:2n-6 and total n-6 fatty acids in brisket fat (P < 0.01); however, there were no changes (P > 0.05) in 18:3n-3 or total n-3 fatty acids (Table 2) , resulting in a linear increase in the n-6:n-3 ratio (P = 0.009). The increase in the n-6:n-3 ratio did not, however, substantially increase this ratio beyond that currently recommended for human consumption (5:1; World Health Organization, 2003) .
Including corn distillers grains in dairy cattle diets has previously been demonstrated to improve milk fatty acid composition (Leonardi et al., 2005; Anderson et al., 2006) by increasing the 11t-18:1 relative to 10t-18:1. In these experiments the amount of 10t-18:1 in milk fat never exceeded 11t-18:1, and this was likely due to the limited amount of whole corn in the diets (did not exceed 40% of DM), with the balance of the diets being made up of alfalfa and corn silage. In the present experiment, however, the control diet was typical for feedlot cattle in western Canada, with 85% barley grain (DM) resulting in brisket fat with 1.37-fold more (P < 0.05) 10t-18:1 than 11t-18:1. The present experiment demonstrates for the first time that substituting wheat DDGS for barley grain in feedlot finishing diets for beef cattle can improve the trans fatty acid isomer composition of brisket fat.
Diaphragm Fatty Acid Composition
Although feeding wheat DDGS increased crude fat in the diet, it linearly decreased total diaphragm fatty acids on a milligram per gram of tissue basis (P = 0.031; Table 3 ). The reduction in total diaphragm fatty acids may have been related to the reduced starch when iso-14:0 + iso-15:0 + anteiso-15:0 + iso-16:0 + iso-17:0 + anteiso-17:0 + iso-18:0 = 8t,10c-18:2 + 9c,11t-18:2 + 7t,9c-18:2 + 9t,11c-18:2 + 10t,12c-18:2 + 11c,13t-18:2 + 11t,13c-18:2 + 9c,11c-18 :2 + 10c,12c-18:2 + 9t,11t-18:2 + 11t,13t-18:2 + 12t,14t-18:2 + 10t,12t-18:2 + 8t,10t-18:2 + 7t,9t-18:2; Σ n-3 PUFA = 18:3n-3 + 20:5n-3 + 22:5n-3 + 22:6n-3; Σ n-6 PUFA = 18:2n-6 + 18:3n-6 + 20:2n-6 + 20:3n-6 + 20:4n-6 + 22:4n-6; Σ PUFA = 18:2n-6 + 18:3n-6 + 18:3n-3 + 20:2n-6 + 20:3n-9 + 20:3n-6 + 20:4n-6 + 20:5n-3 + 22:3n-3 + 22:4n-6 + 22:5n-3 + 22:6n-3.
feeding wheat DDGS resulting in subsequent reductions in propionate production, gluconeogenesis, and glucose available for marbling fat synthesis (Pethick et al., 2004) .
The effects of adding dietary wheat DDGS on diaphragm fatty acid composition were consistent with changes seen in brisket fat. The addition of wheat DDGS to the diet had no effect (P > 0.05) on percentages of total BCFA and MUFA, and within MUFA, there were no changes in total trans-MUFA (P > 0.05). The composition of trans-18:1 isomers in diaphragm when feeding the control diet was similar to the findings of Mir et al. (2008) when feeding barley-based finisher diets to beef cattle. In the present experiment, feeding increasing amounts of DDGS led to a linear reduction in 10t-18:1 (P = 0.004) and linear increases in several other trans-18:1 isomers (P < 0.05), among which 11t-18:1 was predominant. The quantity and composition of CLA isomers in diaphragm when feeding the control diet were similar to those reported when feeding barleybased finisher diets (Mir et al. 2008) . Feeding increasing amounts of wheat DDGS led to a linear increase in total CLA (P = 0.039), mainly because of a linear increase in 9c,11t-18:2 (P = 0.023). The evolution of 11t,13c-18:2, a CLA isomer related to grass feeding (Aldai et al., 2008b; Alfaia et al., 2009) , was quadratic (P = 0.027), whereas, similar to brisket fat, 9t,11c-18:2 tended to decrease with increasing wheat DDGS in the diet.
As with brisket fat, increasing dietary DDGS linearly increased diaphragm 18:2n-6 (P = 0.001) and total n-6 fatty acids (P = 0.001) along with other n-6 fatty acids, including 20:2n-6, 20:3n-6, and 22:4n-6 (P < 0.019). Feeding DDGS had no effect on diaphragm individual or total n-3 fatty acids (P > 0.05). There was, however, a quadratic response in the n-6:n-3 ratio, with an increasing amount of wheat DDGS causing an increase in the ratio and then a decrease. This may be related to a shift in 18:2n-6 biohydrogenation leading to more 18:0, as indicated by numeric but nonsignificant differences in total SFA or an increased utilization (oxidation) of 18:2n-6 when feeding increasing amounts of wheat DDGS. The n-6:n-3 ratio in diaphragm for all diets ranged from 6.98 to 9.06, which was somewhat elevated compared with the recommended ratio of 5:1 (World Health Organization, 2003) . Overall, feeding DDGS enhanced the fatty acid composition of diaphragm muscle by decreasing 10t-18:1 while increasing 9c,11t-CLA and its precursor 11t-18:1.
There have been several attempts to produce beef with enhanced concentrations of 11t-18:1 and 9c,11t-18:2 by incorporating PUFA sources (e.g., sunflower or safflower oil) into finisher diets containing an increased quantity of ground grain (e.g., Hristov et al., 2005) . These attempts have not been entirely successful, largely because of the 11t-to 10t-18:1 shift in the biohydrogenation of PUFA resulting in greater deposition rates of 10t-18:1. Given the potential for wheat DDGS containing diets to foster the ruminal production of 11t-18:1, it might therefore be possible to use wheat DDGS in a basal diet to which PUFA sources could be added when attempting to develop beef products with increased concentrations of 11t-18:1 and 9c,11t-18:2.
